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Abstract
Background—Healthful dietary patterns, including eating fruits and vegetables (F&V) and
avoiding obesity may decrease the risk of cancer and other chronic diseases. In addition to promoting
health for the general population, a cancer diagnosis may provide a “teachable moment,” facilitating
the adoption of more healthful eating habits and leading to lower risk of chronic disease and better
overall health.
Purpose—This study was designed to test the effectiveness of two health communication
interventions in increasing F&V consumption and physical activity in a sample of older adults
(average age 66 years), including both colorectal cancer (CRC) survivors and non-CRC-affected (N-
CRC) individuals.
Methods—Colorectal cancer survivors and N-CRC individuals were recruited from a population-
based case-control study and randomly assigned to four conditions using a 2 × 2 design. We tested
two different methods of communicating and promoting health behavior change alone or in
combination: tailored print communication (TPC) and brief telephone-based motivational
interviewing (TMI).
Results—A significant increase in F&V consumption was found for the combined intervention
group in the entire sample (p<0.05). When stratified by cancer survivor status, the effect was
concentrated in the N-CRC subset (p<0.01) versus CRC survivors. The combined intervention was
also found to be most cost-effective for the N-CRC group, with TPC more cost-effective than TMI.
For physical activity, none of the interventions produced statistically significant improvements.
Conclusions—This study indicates that combining tailoring and motivational interviewing may
be an effective and cost-effective method for promoting dietary behavior change among older healthy
adults. More research is needed to identify the optimal dose and timing for intervention strategies to
promote dietary and physical activity change among both CRC survivors and the general population.
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Colorectal cancer (CRC) is the second most common cancer diagnosed each year in the United
States. Current figures indicate approximately 108,070 new cases of colon cancer and 40,740
new cases of rectal cancer annually in the United States, and about 49,960 deaths (1). The
average cost of colorectal cancer treatment is estimated at $41,134 (2) resulting in $6.1 billion
in annual health costs. Although the death rate from colorectal cancer has been decreasing over
the past 15 years, incidence and mortality rates remain disproportionately high for African
Americans (1).
Improvements in health behaviors such as diet, physical activity, and CRC screening have the
potential to reduce risk of a primary cancer (3,4). In terms of diet, much epidemiologic evidence
suggests a protective effect of high fruit and vegetable intake for several cancers, including
CRC (5), although intervention studies to date, such as the Polyp Prevention Trial, have not
demonstrated that dietary changes affect disease precursors (6). According to recent data from
the Behavioral Risk Factor Surveillance Survey, however, only about one-quarter of U.S. adults
consumed at least five servings a day of fruits and vegetables (7). The rise in early detection
as well as advances in disease treatment have led to improved survival, with roughly two-thirds
of colon cancer patients surviving five or more years after diagnosis and higher percentages
for those diagnosed in early stages. This growing population of survivors has created a need
to develop accurate and relevant health information that may help in maintaining a good quality
of life post-treatment, as well as reducing risk of chronic disease, including recurrence of cancer
(8,9). Health behaviors such as eating well, exercising, and avoiding obesity are important for
aging populations with or without a cancer diagnosis. However, relatively little is known about
how CRC survivors compare to demographically similar non-cancer-affected adults in terms
of their health information needs and responsiveness to lifestyle interventions. This type of
information is essential in order to tailor health interventions to be most effective among
various populations.
A number of previous interventions to increase fruit and vegetable (F&V) consumption have
been implemented in healthy populations in a variety of settings including worksites, faith
organizations, schools, and other community settings, using multiple strategies (10–12). These
studies have generally shown increases in F&V consumption ranging from 0.2–1 serving per
day, depending on the population and intervention strategy employed. Specifically, tailored
home-based approaches, including providing telephone feedback and mailings to Cancer
Information Services callers and sending printed tailored feedback to individuals in their
homes, have shown promise for promoting dietary change (13,11).
A cancer diagnosis can be a “teachable moment” (14) to motivate individuals to make general
health promotion changes that can improve overall health and well-being and reduce risk of
other health problems, such as diabetes and heart disease (15). For example, studies of women
with breast cancer and men with prostate cancer have shown that patients can make substantial
dietary changes after cancer diagnosis (15–18). Kuhn and colleagues’ (19) review of the
literature on the prevention of cancer through changes in diet (e.g., increased fruits and
vegetables, reduced saturated lipids) identified only six intervention studies. All the studies
reviewed focused on women with breast cancer and found that dietary counseling can lead to
significant changes in vegetable, fruit, fiber, and fat intake. The Women’s Healthy Eating and
Living study showed that, among women with breast cancer, an intensive clinic-based
intervention with frequent counselor contact for those in the intervention arm resulted in large
increases in daily intake of fruits and vegetables at 12-month follow-up (18). Demark-
Wahnefried and colleagues showed changes resulting from a multiple cancer site survivor-
focused intervention, “Fresh Start,” consisting of monthly tailored newsletters and
motivational telephone calls (20). Motivational interviewing interventions also have been
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effective for encouraging a variety of health behavior changes including increasing F&V
consumption and physical activity (21,12). There is a need for more research testing appropriate
population-based strategies to intervene with colorectal cancer survivors.
The NC STRIDES (North Carolina Strategies for Improving Diet, Exercise, and Screening)
study was a randomized trial of health communication strategies aimed at health promotion
(diet, physical activity, and CRC screening) among both N-CRC members of the general
population and CRC survivors. The study sample was drawn from an existing population-based
case-control study of risk factors for CRC (22,23). NC STRIDES tested two different methods,
tailored print communications (TPC) and telephone-based motivational interviewing (TMI),
in terms of effectiveness and cost-effectiveness in promoting increases in fruit and vegetable
consumption and regular moderate to vigorous physical activity. The two-by-two research
design allowed for comparison of each intervention and a combined intervention against a no-
intervention control condition. In addition, cost-effectiveness analysis provided a basis for
translating the findings to recommendations for future research and dissemination. This paper




The present study was designed to test two different methods of communicating and promoting
health behavior change: tailored print communication (TPC) and brief telephone-based
motivational interviewing (TMI). Both the TPC and TMI interventions were based on widely-
used health behavior theories, the stages-of-change Transtheoretical Model (24) and Social
Cognitive Theory (25,26), as well as on the principles of motivational interviewing (27). From
these theories, we identified key constructs for the individualization of tailored messages and
MI calls, including perceived barriers to change, motivation, stage of readiness, self-efficacy,
social support, knowledge/awareness, core values, and demographic and health characteristics
of participants. The TPCs provided expert feedback driven by baseline data, whereas the MI
calls encouraged participants to overcome ambivalence and identify their own strategies for
change. Both interventions aimed to enhance self-efficacy and motivation, leading to behavior
change.
Recruitment
Study participants were recruited from the North Carolina Colon Cancer Study (NCCCS), a
population-based case-control study of incident colon and rectal cancer patients in a 33-county
area of central and eastern North Carolina. Counties were selected based on their mix of urban
and rural areas as well as the proportion of the county population who were African American.
Inclusion criteria for NCCCS cases were: persons with adenocarcinomas of the colon, ages
40–79 and of African American or European American ethnicity, who were being treated in
one of 38 non-federal hospitals. Cases were identified using the rapid ascertainment component
of the North Carolina Central Cancer Registry. Population-based controls in the NCCCS had
been recruited from two sources: those under age 65 came from the NC Department of Motor
Vehicles roster and those over age 65 came from the Health Care Financing Administration
register. The cases were sampled to provide approximately equal numbers of African
Americans and whites, and the controls were sampled to provide a group of similar age, race,
and gender as the cases.
Previous NCCCS participants were recruited to participate in the NC STRIDES study,
conducted from 2001 through 2004. Most of the participants had been recruited into the
NCCCS approximately two years previously; therefore, the cancer survivors were generally
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2.5 years post-diagnosis. All NCCCS participants were mailed a letter and brochure explaining
the NC STRIDES study. NCCCS research staff then contacted potential participants via
telephone to solicit their consent to participate in NC STRIDES. Only after informed consent
was received were the names of potential participants shared with NC STRIDES staff, thereby
protecting the confidentiality of NCCCS participants. NC STRIDES successfully recruited
approximately 50% (n=922) of the entire NCCCS sample of 1850 cases (38%) and controls
(62%). The high number of elderly persons in the sample increased the likelihood that people
would decline to participate due to ongoing issues such as illness or difficulty hearing. In
addition, CRC survivors were considered for recruitment only if they reported being healthy
enough to make lifestyle changes and participate over the course of the year-long study.
Participants who consented were randomized by NCCCS into one of four groups, stratified by
CRC or N-CRC status. One group (TPC only) received a series of four individually-tailored,
printed newsletters. Another group (TMI only) received a series of four brief (approximately
20 minutes) telephone motivational calls. The third group (Combined group) received four
individually-tailored, printed newsletters and four motivational calls. The TPC and MI
interventions were designed to focus equally on each targeted health behavior in terms of
newsletter content and telephone call topics. The fourth group served as the control group and
received two “generic” health education mailings during the intervention period and four
individually-tailored print newsletters after the final survey. Information provided to the
control group focused on other cancer-related topics (e.g., skin, breast, or prostate cancer) and
did not focus on colon cancer prevention or early detection. All TPC and control participants
were called at six months (mid-intervention) to update contact information and to ask additional
brief survey questions. For TMI and combined groups, the six-month update was done during
MI call #3.
The intervention took place over a one-year period. Surveys and motivational interviews were
administered on the telephone by trained interviewers. This protocol was approved by the IRB
committee at the School of Public Health at the University of North Carolina at Chapel Hill.
Of those recruited to NC STRIDES (n=922), 825 (89.5%) completed the baseline survey.
Participation by cancer status was very similar to the NCCCS study: baseline surveys were
obtained from 37% CRC and 63% N-CRC individuals. A total of 735 (89.1% of baseline)
individuals completed the one-year follow-up survey. Non-responses to the follow-up survey
were due to 18 deaths, 21 people who withdrew from the study for health reasons, 19 refusals,
and 32 lost contacts. Survey responses rates were equivalent among CRC and N-CRC
participants.
Measures
Trained research staff collected baseline and follow-up data for NC STRIDES using a
telephone-administered self-report survey. On average, surveys took 30 to 40 minutes to
complete. Data were collected regarding socio-demographic information, self-rated health,
health status information, fruit and vegetable intake, and psychosocial factors related to these
behaviors. Approximately six months into the study, a truncated version of the survey was
administered, also by telephone. This shorter survey took, on average, 10 minutes to complete,
and was used to update contact information, aid with study retention, and obtain brief updated
information on fruit and vegetable consumption and other psychosocial factors in order to re-
tailor the information included in the fourth newsletter for the TPC and combined groups. One
year after baseline, participants were asked to complete a third telephone survey. This survey
lasted about 45 minutes, asked the same health, behavioral, and psychosocial questions as the
baseline survey, and included process evaluation questions. In addition to the survey data, a
subset of participants provided a biomarker sample at follow-up in order to validate the fruit
and vegetable self-report measure. Although NC STRIDES interviewers were blind to the
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intervention group assignment, they were aware of cancer status, as there were slightly different
versions of the survey for the CRC and N-CRC groups.
Demographic and health variables—Information on age, race/ethnicity (African
American, white), gender, and CRC status (case/control) had been collected during the
NCCCS. Additional socio-demographic information was collected as part of our survey,
including education (7 categories), employment status (yes/no), annual income (5 categories),
and marital status. Health-related variables included self-rated health (5 categories: excellent,
very good, pretty good, fair, and poor), chronic conditions that might affect diet (heart disease,
hypertension, diabetes, arthritis, other cancers) and health insurance coverage.
Fruit and vegetable consumption—Average daily fruit and vegetable consumption was
measured using a 36-item modified version of the Block food frequency question (FFQ). The
modified FFQ was developed and validated by Resnicow and colleagues for their work with
a diverse Southern population (28). Resnicow’s tool was modified to query how often food
was consumed in the last month, as opposed to the last week, and to omit food items that were
not fruits or vegetables. Also, the item “French fries, fried potatoes, or home fries” was
eliminated from analysis calculations; thus the F&V intake totals were based on 35 items. Fruit
and vegetable item frequencies were converted to servings/day and then summed to provide
total daily consumption values for fruit, vegetables, and total F&V. In addition to the FFQ,
participants were asked to estimate their intake of fruit and vegetables per day using a brief 2-
item screener: “How many servings of vegetables or vegetable juices/fruit or fruit juices do
you usually have during a single day?” The 35-item and the 2-item F&V measures were
moderately correlated: r= 0.43.
Biomarker validation of FFQ data—Plasma carotenoids were measured on a subsample
of 269 volunteer participants who completed the study. Participants were asked at the end of
the final survey if they would be willing to give a small amount (4 ml) of blood that would be
collected from them at their home by a trained phlebotomist. Those who agreed were visited
at home by appointment within four weeks by a trained phlebotomist who obtained written
consent to draw the blood. The participants were given $25 as an incentive for the blood draw.
Current smokers, heavy drinkers, and those on blood thinners were excluded from providing
a biomarker, because of concerns about reduced validity of measured carotenoids or risk to the
participant. The blood was immediately placed on ice and transported within 24 hours for
processing, freezing, and storage at the University of North Carolina at Chapel Hill. Carotenoid
analyses included assessment of plasma alpha-carotene, beta-carotene, lycopene, lutein, and
beta-cryptoxanthin by high-performance liquid chromatography. For the purpose of validating
the FFQ measure of total F&V, we focused on total carotenoids as the biomarker measure
representing the largest number of F&V (29). The correlation between total carotenoids and
the 35-item FFQ was 0.30 (p<.001) and between total carotenoids and the 2-item FFQ was
0.27 (p<.001). These correlations are similar to other published studies comparing multiple
24-hour food recalls with carotenoids (30) and comparing the 35-item and 2-item instruments
with carotenoids (31).
Physical activity—Weekly physical activity was measured using a modified version of a
validated measure, the 7-Day Physical Activity Recall (10,32), selected to be consistent with
that of the parent NCCCS study. Minutes per week spent in very hard, hard, and moderate
intensity activity were assessed, multiplied by a Metabolic Equivalent (MET) factor (33) to
adjust for energy expenditure, and were summed to form a moderate-to-vigorous physical
activity (MVPA) score. The square root of this value was then taken, to account for non-
normality of the data (34).
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Psychosocial measures—Data were collected on several psychosocial factors that may
be mediators of health behavior change. Self-efficacy for eating F&V and for engaging in
physical activity was measured using one item for each behavior, e.g.,: “If you decided to, how
sure are you that you have the ability to succeed in eating five or more servings of fruits and
vegetables every day for the next six months?” This item had a five-point Likert-type response,
from very sure to very unsure (25). Social support was measured using four items based on
previous research: “If you tried to eat healthier foods/exercise more, how much could you count
on the people close to you to: encourage you, tell you about healthier foods and how to prepare
them, prepare healthier food with or for you, eat healthier foods with you?” (35). A social
support index was calculated by summing responses to the four items (0 = not at all or not
applicable, 1 = some, 2 = a lot); Cronbach’s alpha = .84 for F&V, .82 for physical activity
(34). Perceived barriers to behavior change for each behavior were measured through a series
of statements that “would make it hard” to achieve the behavior change. Barrier statements
were based in part on pre-survey focus groups and on previous research (36,37). Response
options were measured on a 4-point scale ranging from “disagree a lot” to “agree a lot.” Barrier
scores were created by summing the scores and obtaining the average value across the six
items. The barriers scale had adequate consistency, Cronbach’s alpha= .66 for F&V, .62 for
physical activity (34). Knowledge of the recommendations (e.g., how many servings of fruits
and vegetables should a person eat each day) was tested using single-item multiple-choice
questions based on previous research (10).
Process measures—On the final survey, additional questions were asked about
intervention exposure, recall, personal relevance, and reactions to each intervention
component.
Measures collected for cost-effectiveness analysis (CEA)—CEA is widely
advocated as a tool for decision makers to allocate resources to programs that will have maximal
benefit for society. Costs tracked for the present study included intervention-specific costs for
the program and for the participants, as well as participant costs related to the intervention
outcome. We excluded fixed or developmental costs for program development, such as the
costs for developing the tailoring software program and for developing the training for the TMI
intervention, because they would not need to be replicated by future users of the interventions.
Program intervention-specific costs included: production, proofing, and mailing of TPCs and
generic brochures to participants, and time spent producing the TPCs and TMI tailored sheets
for the calls. We estimated costs for delivery of MI calls (e.g., interviewer cost for making/
recording the calls, telephone charges) as well as time spent by interviewers conducting TMI
calls. We estimated time costs as $12 per hour for staff and $15 per hour for phone counselors,
plus telephone call and mailing costs. Participant intervention-specific costs included time
spent reading, discussing, or using the TPCs or the generic brochures, and time spent
participating in TMI calls, estimated at $12 per hour. Outcome-specific costs were the
participant costs of increasing F&V, determined by pricing all items on the 35-item FFQ
monthly over the intervention period and averaging the prices seasonally. Effect was measured
as the change for each intervention group on the outcome variable of F&V consumption using
the 35-item instrument described above.
Intervention
Tailored Print Communication (TPC) intervention—Computerized individual
tailoring for health promotion is a technique that combines health behavior change theory,
communication theory, social marketing principles, and computer-based programs and
algorithms to produce personally relevant health messages for each project participant.
Information obtained from each individual's survey data is accessed and assembled using
specially-created software to generate customized messages for each person that are designed
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to promote healthy behavior changes (38). The information is tailored to be particularly
relevant, interesting, culturally appropriate, and credible to the message recipient (36).
The tailoring framework for NC STRIDES incorporated demographic, psychosocial,
behavioral, and community-specific resource information in a newsletter format. The TPC
intervention included four personalized computer-tailored newsletters focused on fruit and
vegetable consumption, physical activity, and CRC screening for N-CRC participants non-
adherent at baseline. Newsletters for CRC survivors included follow-up surveillance as
recommended by the participant’s physician. The first three newsletters were mailed to
participants’ homes bi-monthly after baseline data collection (months 1, 3, and 5); the fourth
mailing occurred 9 months post-baseline. Newsletters 1–3 were tailored using the baseline
survey data; the fourth newsletter incorporated additional feedback on participant progress
obtained from an update telephone call at 6 months post-baseline. Participants were also asked
at baseline to select the health behavior topic of highest importance to them.
Pre-intervention focus groups conducted online or face to face with colorectal cancer survivors
(33) were used in combination with pertinent literature and project team expertise to develop
appropriate tailoring variables, message content, language, literacy level (approximately 8th
grade), and graphic design. Each 8-page newsletter, sized 8 1/2 × 11 inches, was created from
two 11 × 17 sheets pre-printed in two colors. Tailored content was laser printed in black onto
both sides of the paper, which was then folded in half.
An extensive message library of approximately 400 text files, graphics, and photographs was
developed to correspond with each survey question selected for tailoring and its possible
response option combinations. The message library layout and format and the number of
messages and graphics per newsletter were consistent across the health behaviors. The
newsletters were targeted to appeal to an older (over age 40) and diverse (white and African
American) audience through choices of graphic design, photographs, stories, and layout (larger
font and adequate white space for those with reading or vision problems). Computer-based
tailoring algorithms were used to link individual survey data to the appropriate messages and
graphics.
Newsletters were personalized with participant names and provided behavioral feedback based
on participants’ diet, physical activity, adherence to CRC screening recommendations, stages
of change, social support, barriers to change, knowledge, and demographics (race and gender).
Additional message elements included county-specific resources for each of the 33 counties
in which participants resided, and testimonials written by CRC survivors and people who had
not had CRC but had made changes in lifestyle factors such as diet and exercise. Photos allowed
the testimonials to be tailored for race and gender. Message content was tailored for CRC status
based on formative research (33).
Telephone Motivational Interviewing (TMI) intervention—This intervention consisted
of four brief (20-minute) motivational interviewing calls delivered over a nine-month period.
Participants in the TMI-only group received three bi-monthly calls for the first six months
(months 2, 4, and 6) and one call at nine months post-baseline. For the combined intervention
group, the calls were timed to occur one month after receipt of each TPC in order to stagger
the receipt of intervention components and to allow participants to discuss any questions
regarding the TPCs they had received. To facilitate comparison of the TMI and combined
groups, we timed all TMI calls on the same schedule. Each call followed a counseling protocol
based on MI principles. These included using a client-centered, collaborative decision-making
approach, giving non-judgmental feedback, allowing for resistance, and encouraging the
participant to make the argument for change (27). Interviewers relied on using open-ended
questions and reflections to draw out participants’ motives and desires about behavior change.
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Calls were conducted by research team members who had received a minimum of 20 hours of
training on MI principles and techniques. In addition, weekly one-hour training meetings were
held to address problem areas and expand skill levels. Practice interviews were conducted until
the interviewers were comfortable following the protocol. In addition, each interviewer made
two tapes that were reviewed for MI integrity by an MI consultant at the outset of the study.
The calls were additionally “tailored” by incorporating information derived from participant
baseline and follow-up surveys regarding priorities for change, baseline behavior, and cancer
status. For the combined group, the MI interviewers asked participants if they wished to discuss
any of the information in the TPC they had received.
To assess fidelity to MI principles, average scores for each of the dimensions of the MITI
(Motivational Interviewing Treatment Integrity) coding scheme (39) were calculated for a
random subsample of 77 coded interviews. The tapes were coded by members of our research
team who did not conduct the interviews, and the five tapes coded with the highest scores were
independently coded by a MITI coding expert at the University of New Mexico to determine
whether the UNC coders were inflating scores. The independent coding was consistent overall
with the UNC coding. The range of possible scores for the MI dimensions of empathy (the
extent to which the interviewer understands and/or makes an effort to grasp the client’s
perspective) and spirit (the overall competence of the interviewer in using motivational
interviewing, explicitly focusing on the three characteristics of evocation, collaboration and
autonomy) (40) was 1–7. Our interviewers’ scores ranged from 5–7, with an average empathy
score of 6.1 and an average spirit score of 5.8, indicating that the MI calls were generally high
in MI integrity.
Generic printed health information (CONTROL)—Participants in the control group
received two mailings of generic (non-tailored) health information that was not related to the
primary study outcomes. The purpose of these mailings was to provide cancer-relevant
information and to maintain the group’s sense of connection to the study in order to encourage
retention. The information consisted of brochures obtained from the Cancer Information
Service and other agencies on prostate cancer (men), breast cancer (women), and skin cancer
(all). The cost-effectiveness analysis required that the control group’s costs and likelihood of
study-related effects be kept as minimal as possible without compromising study retention
rates. After the follow-up data collection was completed, control group participants received
four TPCs tailored to their follow-up survey data.
Statistical Analysis
All analyses were conducted using SAS software (41). Descriptive statistics were utilized to
compare demographics, health, and health behaviors at baseline across the intervention groups.
The unit of randomization and analysis in this study was the individual. Models were first
analyzed including the whole sample. Next, separate models were run according to
survivorship status (N-CRC and CRC). Fruit and vegetable consumption and physical activity
were assessed as continuous outcome variables. For F&V, we calculated servings per day based
on the 35-item, 2-item, and averaged fruit and vegetable FFQs. Because of the typical right-
skewed distribution of F&V, we used a natural log transformation to improve normality of the
data. For physical activity, frequency (minutes per week) and MET-hours per week of moderate
to vigorous exercise were calculated based on the 7-Day Physical Activity Recall data.
We used multiple regression analysis, including generalized linear modeling and logistic
regression analysis, to estimate intervention effects. To model the primary outcome measures
of F&V and physical activity, we adjusted for baseline measures and demographic covariates
of gender and race. For multiple comparisons, we divided p=.05 by the number of comparisons
to determine statistical significance.
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To test for potential psychosocial mediators of the F&V intervention effect, we used standard
criteria based on Baron and Kenny and others (42) which outline steps to determine mediation.
We first examined associations at baseline and follow-up between four potential mediators and
F&V consumption: self-efficacy, social support, barriers, and knowledge. We also examined
the cross-sectional association between mediators and intervention status separately at baseline
and follow-up using regression models. Mediator variables were treated as continuous
variables, except for knowledge, which was a binary variable. We further tested whether change
in mediator candidates was associated with change in F&V intake. We used linear regression
models to test the regression coefficients associated with change in F&V as a function of change
in the mediator candidates, adjusting for demographic covariates. Further steps in assessing
mediation were not performed based on the results of these analyses.
The cost effectiveness analysis (CEA) used the incremental cost-effectiveness ratio (ICER)
given by the difference in costs between two health care interventions divided by the difference
in outcomes between the programs with the same patient group (43). We compared the costs
associated with each of the interventions, including both the research team and the participant
costs, compared to the effect size achieved. For the cost-effectiveness analyses, we computed
incremental cost-effectiveness ratios (ICERs) for each intervention condition compared to
control, and for the comparison of the combined intervention to TPC or TMI alone (43). We
conducted cost-effectiveness analysis only for the F&V outcome, because the intervention did
not produce a significant effect on physical activity (see Results).
Results
Descriptive analyses
Among participants completing the baseline survey (n=735), 49% of participants were female
and 35% were African American. The average age was 66.5 years (SD = 9.95), 78% had at
least a high school education, and 53% had annual incomes of $30,000 or greater. Only 36%
were actively employed on at least a part-time basis, and many were retired. Most people rated
their health as at least “pretty good,” and 42% rated their health as “very good” or “excellent.”
Most participants were overweight, with an average body mass index of 29. Thirty-seven
percent of participants were CRC survivors (n=266). Few (7.6%) were diagnosed less than a
year before the baseline survey; 29.4% were diagnosed 1 to 2 years before and 57.4% were
diagnosed between 2 and 5 years before the survey. Among CRC survivors, 19% reported
another cancer, and 14% of our comparison group reported being diagnosed with a cancer other
than CRC. A very high percentage of participants were up-to-date with CRC testing. Over 80%
of the N-CRC group had had a CRC screening test within the recommended time period.
Outcome Analyses
Fruit and vegetable consumption—Data analyses compared study groups’ F&V intake
at one-year follow-up, stratified by cancer survivorship status and adjusted for baseline
consumption, race, and gender. We conducted analyses using the 35-item and 2-item measures
separately and as one averaged measure.
Results using the 35-item measure showed significant effects for the combined intervention in
the N-CRC group. As shown in Table 2, we observed an increase of 1.0 serving in the combined
intervention group, compared to approximately 0.5 serving for each independent intervention
and little change for controls (p<.01). The effects of each independent intervention were not
found to be statistically significant compared to the control group. No significant intervention
effects were found for CRC survivors, however. The greatest increase in consumption among
CRC survivors was seen in the group that received the TPC-only intervention, which increased
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an average of 1.0 daily servings. This difference, however, was not statistically significant
compared to the control group.
Results using the 2-item F&V measure produced similar findings in the N-CRC sample, such
that the combined intervention was associated with a statistically significant increase in
consumption of F&V (0.8 daily servings). Among the CRC survivor subgroup, results using
the 2-item brief measure differed from those based on the longer 35-item instrument. We saw
statistically significant increases for all three intervention groups compared to the control
group, with both the TMI-only and combined groups showing an increase of more than one
daily serving. The three intervention groups did not differ statistically from each other,
however.
We then created a third outcome variable by averaging the 35-item and 2-item measures (31).
Using this averaged consumption measure, results were similar to the 35-item measure alone
(see Table 2), demonstrating a significant effect of the combined intervention in the N-CRC
group, but no significant treatment differences among CRC survivors.
Mediator and moderator analyses—Among the N-CRC subgroup, we conducted further
analyses examining possible mediators and moderators of intervention effect using the 35-item
F&V outcome measure. Men generally made more changes in F&V consumption compared
to women, and African Americans made greater improvements compared to whites. However,
these differences were not statistically significant except among the subgroup of African
American men (see Table 3).
We also examined four possible mediators of dietary change: self-efficacy, social support,
barriers, and knowledge of the recommendations. Based on the criteria of Baron and Kenny,
none of these variables was found to be a mediator of the intervention effect. Higher self-
efficacy, for example, was associated with greater F&V consumption at both baseline and
follow-up, but increase in self-efficacy did not predict more change in F&V consumption.
Physical activity—Baseline levels of physical activity were similar between the N-CRC and
CRC groups, and there were no baseline differences according to study condition. At baseline,
average self-reported MVPA was approximately 290 minutes per week with 54% of CRC
survivors and 57% of N-CRC affected participants meeting the Centers for Disease Control
recommendation of at least 150 minutes per week of MVPA (44). Results showed that none
of the interventions produced significant effects on increasing physical activity among either
the N-CRC or CRC groups. At follow-up, participants in all study conditions reported less
physical activity compared to baseline, and there were no differences between groups. In
addition, there was no change in BMI during the study period.
Cost-effectiveness—Modeling indicated that the combined intervention (TPC + TMI) had
the highest cost, but also had the greatest effect on F&V intake. Lower Incremental Cost
Effectiveness Ratios (ICERs) are generally indicative of greater cost-effectiveness. Table 4
shows the cost-effectiveness results for the general population participants using the effect size
from the 35-item F&V measure. We did not compute cost-effectiveness ratios for the CRC
subgroup because there was insufficient evidence of differential intervention effectiveness. It
is clear from Table 4 that the TPC-only intervention was least costly, but it also produced the
least amount of change compared to the control group. TMI produced somewhat more effect,
but the cost was nearly twice as high as the TPC intervention. Comparisons of the combined
intervention to TPC and TMI indicated that greater cost-effectiveness was attained by
combining the two approaches.
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NC STRIDES evaluated the relative efficacy of individually computer-tailored newsletters and
telephone-delivered motivational counseling to promote behavior change in a population-
based sample of older adults. The study findings demonstrated the efficacy of the combination
of two relatively low-intensity home-based interventions (TPC and TMI) to promote change
in F&V consumption. This result was confirmed in the general population subgroup, such that
the combined intervention produced the greatest impact, with approximately half the effect for
each individual intervention and little or no effect for the control condition. We had
hypothesized that differences might emerge: for example, that there might be different
responses among women versus men to receiving telephone calls versus tailored printed
newsletters. We did not find substantial evidence of differential effectiveness of interventions
among demographic subgroups, suggesting that the combination of TPC plus TMI was
appropriate regardless of demographic differences. We did not find any significant intervention
effects for physical activity promotion.
Among the CRC survivor sample, we did not find strong evidence for differential dietary
changes according to treatment condition. No significant differences were found using the 35-
item measure, although we did see significant intervention effects based on the brief 2-item
F&V measure. Timing of intervention may have played a role, in that the majority of survivors
were 2–5 years post-diagnosis when they began participating in NC STRIDES, and had already
made changes in F&V consumption between the immediate post-treatment time point of the
previous NCCCS study and the NC STRIDES baseline data collection period (23). The NCCCS
study had provided participants with general dietary advice via written non-tailored materials,
such as study newsletters, which may have triggered such changes. The Fresh Start study did
find significant effects of tailored print interventions on dietary change among breast and
prostate cancer survivors. However, in that study patients were enrolled shortly after the time
of diagnosis (20). An alternative explanation for the difference in effects seen with the two
different measures could be that consumption was better reported by one measure versus the
other. For example, participants may have responded more accurately to the brief measure as
opposed to the longer 35-item measure, possibly due to fatigue, response burden, or cognitive
processing issues. The F&V questionnaire items were positioned early in the survey; however,
overestimation of consumption has been documented with longer FFQ instruments (45). A
third possibility is that cancer survivors were generally motivated to make dietary changes and
that simply being contacted and interviewed as part of another study was sufficient to initiate
change. Findings from the averaged analysis indicate that survivors generally increased F&V
on the order of .5–.9 servings per day, regardless of study group. Further research is necessary
to determine the best intervention approaches and timing, as well as assessment methods, for
dietary change interventions among CRC survivors.
The lack of effect on physical activity was disappointing and may point to the need for more
intensive interventions to enable older adults to become more physically active. Our data
suggest that participants may have over-reported their level of physical activity at baseline,
given that the mean reported MVPA values were higher than would be expected based on
national studies (34). Other studies have shown over-reporting using the 7-Day Physical
Activity Recall (46). Another study of CRC survivors also has shown a decline in physical
activity over time (47). This may be due in part to the age of this population, or to other co-
morbidities and/or late effects of treatment. There also is evidence that brief motivational
interviewing interventions may not be effective in promoting physical activity in healthy
populations (28). Clearly, more research is needed in order to find effective intervention
strategies for physical activity promotion in these populations.
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In addition to greater efficacy, evidence showed that the combined intervention was more cost-
effective for promoting F&V consumption. Clearly, decisions based on cost-effectiveness data
must factor in the availability of resources and personnel to deliver interventions. Whereas the
combined intervention was more cost-effective, it also cost approximately three times as much
as delivering tailored newsletters without the addition of the motivational interviewing
component. Thus, in situations where resources are limited and small changes are acceptable,
the choice of TPC may be reasonable. A recent meta-analysis by Noar and colleagues has
evaluated the relative effects of printed, tailored interventions over a range of behaviors (48).
Findings demonstrated small but statistically significant effect sizes (r<.10). Velicer and
colleagues have argued that even if tailored interventions produce relatively small effects
compared to more intensive clinic-based programs, the impact on population-wide health may
be as or more substantial because of the potential for wide reach and low cost of dissemination
(49). We chose to tailor newsletters on the baseline survey data, except for limited update data
from the 6-month update call. Whereas re-tailoring for each TPC might be hypothesized to
increase the effect by increasing perceived relevance and timeliness of the feedback, it also
substantially increases cost and respondent burden. Two recent studies with callers to the
National Cancer Institute Cancer Information Service hotline showed that re-tailoring of TPCs
did not produce significant increases in F&V consumption compared to providing multiple
TPCs tailored to baseline data, whereas it did improve abstinence rates among smokers trying
to quit (50,51). More research is needed; however, the utility of re-tailoring may in part depend
upon the health behavior of interest and the need for re-tailoring to address relevant
determinants, such as factors related to relapse in smoking cessation.
A possible reason for greater efficacy of the combined intervention may be the higher dose of
intervention received by participants in the combined group. In our study, combined group
participants received the full dose of four TPCs plus four TMI calls, which was double the
number of intervention contacts for each separate intervention. In our study we were unable
to disentangle the dose from the combination of strategies in assessing reasons for greater
efficacy of the combined intervention. However, we have since collaborated on a larger
replication study in the Netherlands that has tested the same TPC and TMI interventions (52).
The Dutch “Vitalum” study standardized the intervention dose by giving the combined
intervention group two TPCs and two MI calls, with TPC-only group receiving four mailings
and the TMI group receiving four calls. Results indicate that all three intervention groups
showed similar effects at follow-up, consuming significantly more F&V compared to the
control group (van Keulen, personal communication, 2009). Thus, future research might
examine the effect of doubling or optimizing the dose of either TPC or TMI alone or in
combination, in order to achieve a similar effect size to the combined intervention in our present
study. Given the relative cost-effectiveness of TPC versus TMI, providing more frequent TPCs
or interspersing TPCs with less-frequent TMI calls might prove to be a feasible option for
translating to dissemination.
This study had a number of limitations, including use of self-report data as the primary method
of assessing F&V. The biomarker data on a sub-sample indicated significant correlation
between the self-report measure and the objective blood measure of carotenoids. However,
assessment of dietary consumption is difficult, and biases and errors are impossible to avoid.
In addition, the study sample was recruited from a previous epidemiological study. Whereas
this approach provided benefits in terms of recruiting participants from a population-based
sample representative of a large geographic area and diverse in composition, it also resulted
in several possible biases. First, participants had already been part of a study about CRC risk
factors, and, especially among the survivor group, had made substantial lifestyle change prior
to enrolling in our intervention study (23). It is likely that participants were more highly
motivated than the average person, having completed interviews and provided blood samples
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for the previous study. The high level of motivation, however, enabled us to achieve a very
high study retention rate of close to 90% in this older population.
The decision to conduct the study among both cancer survivors and the general population led
to several limitations. We were limited in our ability to enroll a portion of the cancer survivor
group from the previous NCCCS study due to the higher rates of health conditions, cancer
recurrence, and deaths associated with having had a previous diagnosis of a serious cancer.
Recruiters were instructed to ask participants if they were healthy enough to make lifestyle
changes such as diet and exercise, and we excluded those who did not feel they would be able
to participate due to health problems. In addition, as noted above, our study began enrolling
participants approximately two years after the NCCCS ended, and we may therefore have
missed the “teachable moment” for the survivor group.
The evidence for efficacy and cost-effectiveness of the combined NC STRIDES intervention
to promote F&V change argues for further research to study dissemination and replication in
other populations and settings. Our research group has partnered with the US Department of
Veterans’ Affairs VA National Center for Health Promotion in order to determine whether this
model combining tailored communication and motivational interviewing can be adapted and
implemented within a large health care system. Pilot results from a small study in two VA sites
replicated the effect size of one daily serving increase in F&V (Campbell, presentation at the
2007 Society for Behavioral Medicine annual meeting, Washington, DC), and we are currently
engaged in a larger dissemination and implementation research study (NCI R01 CA124400-01)
in partnership with the VA health system to examine organization and intervention
characteristics and approaches for disseminating tailoring and motivational interviewing
interventions to achieve public health impact.
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Table 2
Results for Two-item and 35-item Fruit and Vegetable FFQs among General Population and CRC Survivors







General Population 35-item measure
Control 122 5.7 (2.6) 5.8 (2.4) +0.1
TPC1 111 5.4 (2.1) 5.8 (2.1) +0.4
TMI2 113 5.4 (2.4) 6.0 (2.7) +0.6
Combined** 123 5.4 (2.8) 6.4 (2.8) +1.0
CRC Survivors 35-item measure
Control 66 5.1 (2.4) 5.8 (2.9) +0.7
TPCa 70 5.3 (2.2) 6.3 (3.0) +1.0
TMIb 72 5.8 (2.8) 5.9 (2.8) +0.1
Combined 58 5.7 (3.1) 6.0 (3.2) +0.3
General Population Two-item measure
Control 120 4.4(2.0) 4.7(2.1) +0.3
TPCa 110 4.4(1.9) 5.1(1.9) +0.7
TMIb 109 3.9(1.8) 4.7(1.9) +0.8
Combined* 122 4.4(2.1) 5.2(2.0) +0.8
CRC Survivors Two-item measure
Control 64 4.1(2.0) 4.3(2.0) +0.2
TPCa * 68 4.3(1.8) 4.9(1.6) +0.6
TMIb ** 70 3.9(1.8) 5.0(2.0) +1.1
Combined** 58 4.0(1.5) 5.2(2.4) +1.2
General Population Average of Two-item and 35-item measures
Control 120 5.1.(2.0) 5.3 (2.0) +0.2
TPCa 110 4.9 (1.7) 5.5 (1.6) +0.6
TMIb 109 4.6 (1.8) 5.3 (2.0) +0.7
Combined** 122 4.9 (2.2) 5.8 (2.1) +0.8
CRC Survivors Average of Two-item and 35-item measures
Control 64 4.6(1.8) 5.1 (2.0) +0.5
TPCa 68 4.8(1.8) 5.7 (2.0) +0.9
TMIb 70 4.8(2.0) 5.5 (2.1) +0.7




p<.01 for results of multiple regression analysis, adjusted for gender and race.
a
Tailored print communication

















Difference computed from columns 3 and 4 (follow-up minus baseline values)
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Table 3











Control 29 6.2 (2.9) 6.4 (2.8) +0.2
TPCa 19 6.0 (2.4) 6.5 (2.8) +0.5
TMIb 24 5.5 (2.4) 6.2 (3.5) +0.7
Combined 24 6.4 (4.3) 6.9 (2.9) +0.5
Black males *
Control 15 6.6 (3.7) 5.6 (2.3) − 1.0
TPCa 12 5.3 (2.3) 6.8 (2.4) +1.7
TMIb 21 5.8 (2.8) 7.0 (2.6) +1.2
Combined 16 4.0 (1.7) 5.8 (3.2) +1.8
White females
Control 36 5.8 (2.4) 5.9 (1.8) +0.1
TPCa 41 5.3 (2.1) 5.3 (1.9)   0
TMIb 25 5.8 (2.6) 6.2 (2.8) +0.4
Combined 37 5.9 (2.4) 6.4 (2.7) +0.5
White males
Control 42 5.0 (1.9) 5.4 (2.7) +0.4
TPCa 39 5.3 (1.9) 5.7 (1.6) +0.4
TMIb 43 4.9 (2.2) 5.2 (2.2) +0.3






Difference computed from columns 3 and 4 (follow-up minus baseline values)
*
p=0.05 difference between combined intervention and control, for the Black male subgroup only
**
N= numbers completing the follow-up survey in the general population subgroup.
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Table 4







Combined vs. Control 92.313 10,479.090 113.5169 0.992
Combined vs. TPCa 63.321 6,763.096 106.8065 0.946
TMIb vs. Control 50.357 5,798.392 115.1457 0.915
Combined vs. TMIb 41.956 4,680.694 111.5620 0.848





Estimates are derived using the 35-item FFQ. Costs include program-specific intervention costs, participant-specific intervention costs, and participant-
specific outcome costs. Developmental costs of the interventions are excluded because they are fixed or sunk costs that would not need replication in
future dissemination.
*
Incremental Cost-effectiveness ratios calculated as the ratio of incremental costs/incremental effectiveness based on standard formulas. Lower ICERs
are indicative of more favorable cost effectiveness.
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